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From column 1, line 22 to column 6, line 8; 

[0002] 

[Prior Art] 

Power shovels are commonly used in earth excavation at 
construction sites . Such a power shovel is powered by a stream 
of high-pressure oil that is created by the hydraulic oil pump 
directly connected with the engine. The high-pressure oil 
activates the hydraulic motor and the hydraulic cylinder of each 
part of the power shovel . Referring now to FIG. 2 , a description 
will be made hereinbelow of this power shovel. 
[0003] 

In FIG. 2, the main body (1) of the power shovel includes 
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crawler (2) , and cab (3) rotatably mounted on the crawler (2) . 
The crawler (2) has first hydraulic motor (4) that rotates the 
cab (3) at 360 degrees. Boom (5) is attached to the cab (3) 
of the power shovel main body ( 1 ) . The basal part of the boom 
(5) is attached to the cab (3) in such a way that first hydraulic 
cylinder (6) disposed between the boom (5) and the cab (3) allows 
the boom (5) to swing up and down. Arm (7) is attached at the 
tip of the boom (5) . The basal part of the arm (7) is attached 
to the boom ( 5 ) in such a way that second hydraulic cylinder 
(8) disposed between the arm (7) and the boom (5) allows the 
arm (7) to swing. Bucket (9) is attached at the tip of the arm 
(7) . Third hydraulic cylinder, which is disposed between the 
bucket (9) and the arm (7) via link mechanism (10), allows the 
bucket (9) to swing. First main control valve (12), which is 
coupled with the first hydraulic motor (4) via first primary 
pipe (13) and first secondary pipe (14), controls the first 
hydraulic motor (4) . Second main control valve (15) , which is 
coupled with the third hydraulic cylinder (11) via second primary 
pipe (16) and second secondary pipe (17), controls the third 
hydraulic cylinder (11) . Third main control valve (18) , which 
is coupled with second hydraulic cylinder (8) via third primary 
pipe (19) and third secondary pipe (20), controls the second 
hydraulic cylinder (8) . Fourth main control valve (21) , which 
is coupled with first hydraulic cylinder (6) via fourth primary 
pipe (22) and fourth secondary pipe (23), controls the first 
hydraulic cylinder (6). Hydraulic source (24) produces 
high-pressure hydraulic oil with the hydraulic pump (not shown) 
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directly connected with the engine (not shown) . The Hydraulic 
source (24) is coupled with hydraulic tank (25) via pipe (26), 
the first main control valve (12), second main control valve 
(15) , third main control valve (18) , fourth main control valve 
(21) , and pipe (27) . These main control valves (12) , (15), (18), 
(21) are connected one another within the valves. 
[0004] 

With the foregoing structure, first hydraulic motor (4) , 
third hydraulic cylinder (11) , second hydraulic cylinder (8), 
and first hydraulic cylinder (6) control main control valves 
(12), (15), (18), and (21), respectively, to supply hydraulic 
oil from hydraulic source ( 24 ) to the first hydraulic motor ( 4 ) , 
to the third hydraulic cylinder (11), to the second hydraulic 
cylinder (8), and to the first hydraulic cylinder (6). The 
hydraulic oil powers the first hydraulic motor (4), the third 
hydraulic cylinder (11) , the second hydraulic cylinder (8) , and 
the first hydraulic cylinder (6), thus allowing the cab (3) of 
the power shovel main body (1) to rotate, the boom (5) to swing 
up and down, the arm (7) to sway and the bucket to sway. As 
a result, earth excavation can be carried out with significant 
competence at an object place. 
[0005] 

In FIG. 2, first control lever (28) executes switching 
operation of first main control valve ( 12 ) . Second control lever 
(29) executes switching operation of second main control valve 
(15). Third control lever (30) executes switching operation 
of third main control valve (18). Fourth control lever (31) 
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executes switching operation of fourth main control valve ( 21 ) . 
[0006] 

There are provided a wide variety of work tools, other 
than bucket (9), which are designed to be attached at the tip 
of arm ( 7 ) , so that the power shovel can be used in various tasks 
other than earth excavation. For example, as shown in FIG. 3, 
with gripper (32) attached at the tip of the arm (7) , the power 
shovel can grip things . 
[0007] 

The gripper (32) is constructed as follows. Supporting 
unit (33) is attached at the tip of the arm (7) by hydraulic 
cylinder (11) via link mechanism (10) so as to swing. Main 
gripper part (34) is rotatably attached to the supportinig unit 
(33). Sub-gripper part (35) is attached to the main gripper 
part (34) so as to open and close appropriately. Second hydraulic 
motor 36 equipped to the supporting unit (33) spins the main 
gripper part (34), so that the main gripper part (34) and the 
sub-gripper part (35) can be held in an optimal position being 
optimally angled to grip things . Fourth hydraulic cylinder ( 37 ) 
disposed between the above two grippers (34), (35) makes the 
sub-gripper part ( 35 ) into an open position or a contact position 
with respect to the main gripper part (34), thereby allowing 
the grippers (34), (35) to grip things. 
[0008] 

When the foregoing gripper (32) is attached, as a work 
tool for gripping things, at the tip of the arm (7) of the power 
shovel, it is required to prepare additional hydraulic systems 
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for controlling second hydraulic motor ( 36 ) and fourth hydraulic 
cylinder (37), which drive and operate the gripper (32). 
[0009] 

If such new hydraulic systems for controlling second 
hydraulic motor ( 36 ) and fourth hydraulic cylinder ( 37 ) are added 
to the existing hydraulic systems , additional two control levers , 
fifth and sixth ones, must be prepared to operate the second 
hydraulic motor (36) and the fourth hydraulic cylinder (37), 
respectively, in addition to the first through fourth control 
levers (28), (29), (30), (31). With these multiple levers, 
necessitating complicated operation, it takes a long time for 
operators to be skilled and experienced in the operation of those 
levers . 
[0010] 

In an attempt to solve this problem, the present applicant 
has already proposed a hydraulically-operated apparatus for a 
construction machine in which hydraulic actuators of the thus 
added hydraulic systems can be controlled with existing control 
levers (Japanese Patent Application No. HEI 3-199053). 
Referring now to FIG. 4, this hydraulically-operated apparatus 
for a construction machine will be described hereinbelow. Like 
reference numbers designate similar parts or elements in FIG. 
2 through FIG. 4, so their detailed description is omitted here. 
[0011] 

In FIG. 4, first electromagnetic directional control valve 
( 38 ) , which is disposed in the middle of first primary pipe ( 13 ) , 
is coupled with second hydraulic motor (36) via fifth primary 
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pipe (39). Second electromagnetic directional control valve 
(40), which is disposed in the middle of first secondary pipe 
(14), is coupled with second hydraulic motor (36) via fifth 
secondary pipe (41). First push-button switch (42) provided 
on the grip of first control lever ( 28 ) is electrically connected 
with first solenoid (43) and second solenoid (44) of the first 
electromagnetic directional control valve (38) and with third 
solenoid (45) and fourth solenoid (46) of the second 
electromagnetic directional control valve (40). If the first 
push-button switch (42) is turned on, the first solenoid (43) 
of the first electromagnetic directional control valve (38) and 
the third solenoid (45) of the second electromagnetic directional 
control valve ( 40 ) are excited. If the first push-button switch 
(42) is turned off, the second solenoid (44) of the first 
electromagnetic directional control valve (38) and the fourth 
solenoid (46) of the second electromagnetic directional control 
valve (40) are excited. Third electromagnetic directional 
control valve (47), which is disposed in the middle of second 
primary pipe (16), is coupled with fourth hydraulic cylinder 
(37) via sixth primary pipe (48). Fourth electromagnetic 
directional control valve (49) , which is disposed in the middle 
of second secondary pipe (17) , is coupled with fourth hydraulic 
cylinder (37) via sixth secondary pipe (50) . Second push-button 
switch (51) provided on the grip of second control lever (29) 
is electrically connected with fifth solenoid (47) and sixth 
solenoid (53) of the third electromagnetic directional control 
valve (47) and with seventh solenoid (54) and eighth solenoid 
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(55) of the fourth electromagnetic directional control valve 
(49). If the second push-button switch (51) is turned on, the 
fifth solenoid (52) of the third electromagnetic directional 
control valve (47) and the seventh solenoid (54) of the fourth 
electromagnetic directional control valve ( 49 ) are excited . If 
the second push-button switch (51) is turned off, the sixth 
solenoid (53) of the third electromagnetic directional control 
valve (47) and the eighth solenoid (55) of the fourth 
electromagnetic directional control valve (49) are excited. 
[0012] 

Next, a summary of the operation of gripper (32) equipped 
to the foregoing apparatus will be given hereinbelow. 
[0013] 

In the beginning, gripper (32) rotates to be held in an 
optimal position at an optimal angle in the following manner. 
While holding first control lever (28), the operator switches 
on first push-button switch (42) provided thereon to energize 
first solenoid ( 43 ) of first electromagnetic directional control 
valve (38) and third solenoid (43) [sic] of second 
electromagnetic directional control valve (40), thereby 
switching the first electromagnetic directional control valve 
(38) and the second electromagnetic directional control valve 
(40) from the parallel position to the cross position. First 
primary pipe (13) and fifth primary pipe (39) are resultantly 
interconnected therebetween via the first electromagnetic 
directional control valve (38), and first secondary pipe (14) 
and fifth secondary pipe (41) are resultantly interconnected 
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therebetween via the second electromagnetic directional control 
valve (40) . Under this condition, with use of the first control 
lever (28), first main control valve (12) is switched from the 
block position into the cross position or the parallel position. 
With this operation, hydraulic oil fed from hydraulic source 
(24) passes through the first main control valve (12) , and then 
flows into second hydraulic motor (36) , by way of first primary 
pipe (13) , first electromagnetic directional control valve (38) , 
and fifth primary pipe (39) , or by way of first secondary pipe 
(14), second electromagnetic directional control valve (40), 
and fifth secondary pipe (41) . The second hydraulic motor (36) 
rotates the gripper (32) in an arbitrary direction, thereby 
making it into an optimal position at an optimal angle to perform 
a task of gripping. 
[0014] 

Further, upon switching-of f of first push-button switch 

(42) after first main control valve (12) has been switched from 
the block position into the cross position or the parallel 
position with use of first control lever (28), first solenoid 

(43) of first electromagnetic directional control valve (38) 
and third solenoid (45) of second electromagnetic directional 
control valve (40) are de-energized, while second solenoid (22) 
of the first electromagnetic directional control valve (38) and 
fourth solenoid (46) of the second electromagnetic directional 
control valve (40) are energized, thereby switching the first 
electromagnetic directional control valve (38) and second 
electromagnetic directional control valve (40) from the cross 
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position into the parallel position . As a result , after passing 
through the first main control valve (12), hydraulic oil then 
flows into first hydraulic motor (4) via first primary pipe or 
first secondary pipe (14). This first hydraulic motor (4) 
rotates cab ( 3 ) of power shovel main body ( 1 ) in an arbitrary 
direction with respect to crawler (2). 
[0015] 

While holding first control lever (28), the operator 
switches on/off first push-button switch (42) provided thereon. 
In this manner, he can control both first hydraulic motor (4) 
and second hydraulic motor ( 36 ) with use of the one single control 
lever, or first control lever (28), thus freeing the operator 
from shifting his hand from one lever to another. 
[0016] 

Next, sub-gripper part (35) is made into the open position 
and the contact position in the following manner, thereby 
allowing the gripper (32) to grip things. While holding second 
control lever (29) , the operator switches on second push-button 
switch (51) provided thereon to energize fifth solenoid (52) 
of third electromagnetic directional control valve (47) and 
seventh solenoid (54) of fourth electromagnetic directional 
control valve (49), thereby switching third electromagnetic 
directional control valve (47) and fourth electromagnetic 
directional control valve (49) from the parallel position into 
the cross position. Second primary pipe ( 16) and sixth primary 
pipe (48) are resultantly interconnected therebetween via the 
third electromagnetic directional control valve (47) , and second 
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secondary pipe ( 17 ) and sixth secondary pipe ( 50 ) are resultantly 
interconnected therebetween via the fourth electromagnetic 
directional control valve ( 49 ) . Under this condition, with use 
of the second control lever (29) , first main control valve (12) 
is switched from the block position into the cross position or 
the parallel position. With this operation, hydraulic oil fed 
from hydraulic source ( 24 ) passes through the second main control 
valve (15) , and then flows into fourth hydraulic cylinder (37) , 
by way of second primary pipe (16), third electromagnetic 
directional control valve (47), and sixth primary pipe (48), 
or by way of second secondary pipe (17) , fourth electromagnetic 
directional control valve (49) , and sixth secondary pipe (50) . 
The fourth hydraulic cylinder (37) opens and closes the 
sub-gripper part (35) with respect to main gripper part (34), 
thereby allowing the gripper (32) to grip things - 
[0017] 

Further, upon switching-of f of second push-button switch 

(51) after second main control valve (15) has been switched from 
the block position into the cross position or the parallel 
position with use of second control lever (29) , fifth solenoid 

(52) of third electromagnetic directional control valve (47) 
and seventh solenoid (54) of fourth electromagnetic directional 
control valve (49) are de-energized, while sixth solenoid (53) 
of the third electromagnetic directional control valve (47) and 
eighth solenoid (55) of the fourth electromagnetic directional 
control valve (49) are energized, thereby switching the third 
electromagnetic directional control valve (47) and fourth 
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electromagnetic directional control valve (49) from the cross 
position into the parallel position . As a result , after passing 
through the second main control valve (15) , hydraulic oil then 
flows into third hydraulic cylinder ( 11 ) via second primary pipe 
(16) or second secondary pipe (17). This third hydraulic 
cylinder (11) swivels gripper (32) with respect to arm (7), 
[0018] 

While holding second control lever (29), the operator 
switches on/of f second push-button switch (51) provided thereon . 
In this manner, he can control both third hydraulic cylinder 
( 11 ) and fourth hydraulic cylinder ( 37 ) with use of the one single 
control lever, or second control lever (29), thus being freed 
from shifting his hand from one lever to another. 
[0019] 

With the foregoing hydraulically- operated apparatus for 
construction machiner*y» it is possible for the operator to 
control gripper (32) with no additional control lever, so that 
it will take the operator a shorter period to be skilled and 
experienced in the operation of the machinery, as he needs no 
longer to shift his hand from one lever to another. 
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(57) Abstract: 

PURPOSE: To adjust the output of a hydraulic actuator 
additionally provided according to conditions at that time. 

CONSTITUTION: Solenoid transfer valves 38 and 40 are 
set on the ways of primary pipes 13 and 16 and 
secondary pipes 14 and 17 to connect an existing 
hydraulic actuator with a main transfer valve. The 
valves 38 and 40 are connected to hydraulic actuators 
additionally provided through pipes, and push- button 
switches 42 and 51 to electrically switch the valves 38 
and 40 are set on the operation lever of the main 
transfer valve. A solenoid proportional 
pressure-reducing valve 56 is also set on the way of the 
pipe 50 to connect the primary side of the hydraulic 
actuator additionally provided with the solenoid 
transfer valve 49, and a setting potensiometer 57 to 
regulate the pressure reduction amount of the valve 56 
by remote control is set In the driver seat. 
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^fijEin (24) i)^^<Dm&f^^^2(D^mm^ (15) ^ii 

ifi$it75:Q&, ^2C0-^^BBlf (16) , ^Z<D^mmW,^ 
(47) :feJ:t;m6<7)-;^i:ffi« (48) . *Vi«, m2<DZl 
:*Ba«^ (17) . m4CD«^S^M# (49) :feJ:(gc^6cDz: 
2feiB« (50) £ilL/T^4CDffiJE>'U>^ (37) 

^:c0^4(OttjEf>U>y (37) JCcfcDi/Uyy/N 
>H (32) (Dm^')v:f (35) ^§agai«jf^$i3:T^^U 
y:/ (34) <h7?#i^W^i2,t^cit3^)^T^^. JO 
[0 0 17] ^fe, ±.m(o^o\z. m2(Dmv^vn- 
(29) tCcfcom2co5fc^^# (15) ^m^&mis^^sm 

7.^^^ (51) ^:^':7-r'5ii:, ^ 3 (7>mat^ift# (47) 

(omsyu-y-TH (52) :fe<i:t;:m4<omfiS««^ (49) 

conryi/y-f H (54) ti^mm^n. z.ntLmmz. m 
3(Dmmwm^ (47) comayuy-rK (53) 
4<om«^»^f^ (49) cosiayi^y-f H (55) 
n^fttb. msomm^^^ (47) :fe<fccxm4cDmm^ 
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